Yeast strains expressing H2b-MN, TBP-MN and Nup2-MN were created by C-terminal fusion with a MN-tagging cassette to genes HTB2, NUP2 and SPT15 in strain KIY54 as described previously (Schmid et al., 2004). Gene disruption was done by PCR-mediated gene disruption (Longtine et al., 1998).
(1) Block by Adding a ddNTP with TdT Free DNA 3'-OH ends were blocked by adding a dideoxynucleotide (ddNTP) using terminal deoxynucleotidyl transferase (TdT). Blocking was done in 30 µl reactions (6 µl 5x TdT Reaction buffer; 6 µl 25 mM CoCl 2 ; 0.6 µl 400 U/µl recombinant TdT (all three reagents are from Roche, Terminal Transferase, recombinant); 1.5 µl ddNTPs (1 mM each ddATP, ddGTP, ddCTP, ddTTP; Roche); ≈ 750 ng ChIC-or ChEC-derived DNA; dH 2 O to 30 µl) for 2 hours at 37 °C. Reactions were stopped by adding 60 µl TE (10 mM Tris-Cl pH 8.0; 1 mM EDTA) and 1 µl 0.5 M EDTA and heat inactivated for 10 minutes at 70 °C. DNA was precipitated by adding 12 µl 3 M Na-acetate and 240 µl ethanol, left 10 minutes at -70 °C, spun 15 minutes at 16'000 g at 4 °C, and the pellet washed with 70% ethanol and dried.
(2) Convert MN-Cut Ends by PNK MN doubled-stranded cuts contain 5'-OH/3'-Phosphate groups. These ends were converted to 5'-phosphate/3'-OH using T4 Polynucleotide Kinase (T4 PNK) in the presence of ATP. The DNA pellet after the blocking step 1) was resuspended in 20 µl PNK reaction mix (2 µl 10x DNA Ligase buffer (NEB); 0.4 µl T4 PNK (10 U/µl, NEB); 17.6 µl dH 2 O), incubated 1 hour at 37 °C and T4 PNK heat inactivated at 70 °C for 15 minutes. Biotin was prepared by annealing the oligonucleotides 5'Biotin-ATTGGCGCGCCTAAGCAGTCC -3'OH and 5'OH-GGACTGCTTAGGCGCGCCA -3'OH at 50 µM each in TE by heating to 94 °C and slowly cooling to 4 °C. The annealed primers were reused and stored at -20 °C.
To the mix after step (2), 2 µl A-Ligation mix (0.2 µl 10x DNA Ligase buffer (NEB); 0.2 µl 100 mM ATP; 0.8 µl Adaptor A Biotin (50 µM); 0.8 µl T4 DNA Ligase (400 U/µl, NEB)) were added, mixed and incubated for 20 hours at 16 °C.
Excess adaptor A
Biotin (ie A Biotin that was not ligated to MN ends) was removed by repeated precipitation using Polyvinylalcohol in the presence of high salt. Precipitation cycles were done by resuspending (or adjusting) the DNA in 150 µl T 40 E 1 N 2000 (40 mM Tris-Cl pH7.5; 1 mM EDTA; 2000 mM NaCl) and mixed with 150 µl 10% PVA in dH 2 O (Polyvinylalcohol avg. MW = 30-70kD; Sigma). The mix was left 15 minutes on ice and spun 10 minutes at 16'000 g. DNA was precipitated 4 times and the final DNA pellet was washed 10 minutes on ice with 70% ethanol and dried.
(4) MboI Restriction Digest
The DNA pellet after step (3) was resuspended in 50 µl MboI mix (5 µl 10x Magic buffer (); 0.5 µl MboI (5U/µl, NEB); 44.5 µl dH 2 O) and incubated for > 12h at 37 °C.
(5) Bind A-Linked DNA to Beads and Remove Unligated DNA To the MboI digestion reaction were added: 100 µl 10% PVA; 100 µl 5 M NaCl; 25 µl 1 M Tris-Cl pH 7.5; 2 µl 0.5 M EDTA; 25 µl Dynabeads R M-280 Streptavidin in TE; 200 µl dH 2 O. Binding of Biotincoupled DNA was done for 6 hours at room temperature (RT) under gentle rotation. The beads were then washed using a magnet (Dynal MPC) 3 times with 1 ml T 40 E 1 N 2000 , twice with 1 ml and once with 300 µl T 30 Mg 10 (30 mM Tris-Cl pH8; 10 mM MgCl 2 ).
(6) Ligation of Adaptor B 50 µM Adaptor B was prepared by annealing the oligonucleotides 5'OH-GGTCCATCCAACC -3'OH and 5'Phosphate-GATCGGTTGGATGGACCG -3'OH as described in step (3) for Adaptor A Biotin . Washed beads after step (5) were resuspended in 30 µl B-Ligation mix (3 µl 10x T4 DNA Ligase buffer (NEB); 0.6 µl T4 DNA Ligase (400 U/µl; NEB); 0.75 µl Adaptor B (50 µM); 25.65 µl dH 2 O) and incubated for > 12 hours at 16 °C under gentle rotation. Beads were then washed with 1 ml T 40 E 1 N 2000 and 1ml TE, resuspended in 30 µl TE and stored at -20 °C.
(7) PCR First Round A 25 µl Master-PCR reaction was performed using the DNA bound to Dynabeads after step (6) as a template. The reaction contains: 2.5 µl template (resuspended Dynabeads from step (7)); 1 µl primers An/Bn (25 µM each; An: 5' GCGCCTAAGCAGTCC 3', Bn: 5' GGTCCATCCAACCGAT 3'); 12.5 µl 2x Taq PCR Master Mix (Qiagen); 1 µl 25 mM MgCl 2 ; dH 2 O to 25 µl. PCR conditions: 94 °C 90 seconds; 30 cycles of 94 °C 20 seconds -60 °C 30 seconds -68 °C 3 minutes; 72 °C 5 minutes.
Microarray Analysis

PCR Second Round
The microarray probe was amplified from the Master-PCR in a 100 µl PCR reaction: 4 µl template (Master-PCR from step (7) 
DNase I Digestion and ddATP
Biotin Labeling This PCR was cleaned and concentrated by dilution with dH 2 O to 500 µl and concentrating 5 to 10 fold through a Microcon YM-30 Centrifugal Filter Device (Amicon/Millipore). The retentate was again filled to 500 µl with dH 2 O and concentrated to less than 40 µl. The final retentate was adjusted to 40 µl with dH 2 O; digested with DNase I and labeled with TdT/ddATP Biotin as described previously (Katuo et al., 2003) .
Hybridization and Analysis of DNA Tiling Microarrays
Prehybridization, hybridization, washing, staining and scanning of S. cerevisiae chromosome VI tiling arrays (rikDACF, P/N 510636, Affymetrix) was done as described previously (Katou et al., 2003) . Microarray data were analyzed using the open source software "Bioconductor" (Gentleman et al., 2004) ; www.bioconductor.org; version 1.5). For the statistical analysis, probes were grouped into probe sets comprising 16 probes or less in a way that a probe set does never overlap an MboI site. Signal log2 values for probe sets were calculated by the robust multi-array average (rma) algorithm (Irizarry et al., 2003) using the Bioconductor software. Probe set log2 ratio were calculated by subtraction ( rma(ratio) = rma(array 1) -rma(array 2) ). Nup2-MN values were corrected for hypersensitivity as follows. First, log2 ratio of Nup2-MN digested probes were compared to undigested probes ( rma(Nup2) = rma(Nup digested) -rma(undigested) ). Probe sets that gave positive values ( rma(Nup2 positive) = { rma(Nup2) > 0 } ), were further corrected for hypersensitivity by subtracting H2b-MN values ( rma(Nup2 corrected) = rma(Nup2 positive) -rma(H2b) ). Standard deviations were calculated using rma values obtained from three independent experiments. Signal log2 ratios for single probes (used in Supplementary Figures S3-C, S5-x) were calculated by extracting single probe values from perfect match probes. Single probe log2 ratio = log2(array 1) -log2(array 2). Correction for hypersensitivity was done as described above for probe sets.
Initial Testing of Gw Probes
Southern Blotting
Equal amounts of AxB PCR 1 st round products (step 7) from preparation of gw-probes were separated on an agarose gel, transferred to a nylon membrane and hybridized with radioactive probes according to standard protocols (Ausubel, 2001) . Probes were encompassing the GAL1 promoter (position 277'830 to 288'830 on chromosome II), GAL7 promoter (position 275'330 to 276'330 on chromosome II) and HXK1 promoter (position 254'787 to 255'556 on chromosome II).
Dot Blotting
For dot blotting, the AxB PCR 1 st round products (step 7) from preparation of gw-probes were radioactively labeled for hybridization. AxB PCR reactions were purified using the Qiaquick PCR purification kit (Qiagen) and 25 ng of purified PCR used for labeling of one strand by linear PCR (Sambrook and Russell, 2001) using a primer hybridizing to linker A (5' ATTGGCGCGCCTAAGCA 3'). The radioactive probes were used to hybridize dot blots containing 50 ng of 500 bp PCR products from the GAL locus and 10 ng, 1ng and 0.2 ng of yeast genomic DNA. GAL locus PCR products are indicated in Supplementary Figure S3 and correspond to the following genomic region on S. cerevisiae chromosome II: 1) 278'830 to 279'329; 2) 278'330 to 278'829; 3) 277'830 to 278'329; 4) 277'330 to 277'829; 5) 276'830 to 277'329; 6) 276'330 to 276'829; 7) 275'830 to 276'329; 8) 275'330 to 275'829; 9) 274'830 to 275'329; 10) 274'331 to 274'830. Spotting was done with a SRC96 Minifold apparatus from Schleicher&Schuell at high pH (Ausubel, 2001) . In brief, DNA was put into 100 µl 0.4 M NaOH, 10 mM EDTA, heated 10 minutes at 94 °C, quick chilled and applied to a pre-wetted positively charged nylon membrane (Amersham, Hybond N+). Hybridization was performed according to standard protocols (Ausubel, 2001 ).
In Vivo ChEC In Culture for rpb1-1 Experiments
For rpb1-1 experiments (Supplementary Figure S6) , yeasts were grown to mid-log phase and induced by glucose or galactose for 1 hour at the permissive temperature of 24 °C. For growth at restrictive temperature, cells were incubated for 45 minutes at 37°C before analysis (see below). Control experiments were processed immediately at 24°C. These cells were subjected to in vivo ChEC directly in the growing culture (in culture ChEC) without prior washing and incubation steps. For "in culture ChEC" 0.1% digitonin and 5 mM CaCl 2 were added to the culture (10 ml per sample) and incubated for ChEC cleavage at either permissive or restrictive temperature. Digestion times were adjusted to give adequate cleavage. H2b-MN digestion was carried out for 4 minutes at 24°C or 2 minutes at 37°C. Nup2-MN digestion was carried out for 16 minutes at 24°C or 8 minutes at 37°C. Digestion was stopped by adding 15 mM EGTA, cells were harvested and DNA isolated and analyzed as for standard in vivo ChEC. Figure S1 . Physiology of the Nup2-MN Strain
The physiology of the MN-tagged strain expressing Nup2-MN was tested by the boundary assay and by ChEC experiments.
(A) The boundary assay was carried out as described in detail previously using the HML reporter strain depicted (Ishii et al., 2002) . The constructs contains inserted at the HML locus the ADE2 and URA3 genes, where the former is flanked by UASg elements to which chimeric Gbd-X constructs can be targeted. Genuine boundary activities (BAs) are proteins bound to UASg elements (Gbd-X) that protect ADE2 from silencing, while URA3 remains repressed. We previously showed that many chimeric proteins involved in nuclear-cytoplasmic traffic (called exporters here) harbor BA function and that this activity requires physical tethering to the Nup2p receptor of the NPC basket (depicted, top).
(B) The spot-test series (10 fold dilutions) shows that the previously characterized BAs, Gbd-Cse1 474-960 , Gbd-Los1 103-1100 , Gbd-Mex67 248-599 and Gbd-BEAF C , also exhibit robust BA function (ON/OFF state) in this strain. This is experimentally manifested by growth on agar plates lacking adenine but supplemented with 5-fluoroorotic acid (-Ade, +FOA) to kill URA3-expressing cells. This spot-test also includes the deletion mutants Gbd-Cse1 474-960 and Gbd-Cse1 659-960 , which lack BA functions. All transformants behave similarly in the Nup2-MN and the NUP2 wt strain (compare to Ishii et al., 2002) . Since boundary activity of all exporter proteins is not observed in a nup2∆ strain (Ishii et al., 2002) , we conclude that Nup2-MN is physiologically normal.
(C) Cleavage by Nup2-MN: If the nuclease moiety of Nup2-MN reaches the DNA, then cleavage near the UASg element is expected upon expression of a Gbd-X construct that force-tethers this element to the NPC (Panel A). Panel C confirms this expectation by the appearance of a major cleavage band at the UASg elements associated with the divergent GAL1-10 genes (see map) upon expression of the active BAs Gbd-Cse1 474-960 and Gbd-Los1 103-1100 . In contrast, cleavage is absent upon expression of Gbd alone or the deletion constructs Gbd-Cse1 474-912 and Gbd-Cse1 659-960 that lack BA function. Gbd-BEAF C is a BA that is neither peripherally tethered nor dependent on Nup2p. Hence, this construct does not lead to cleavage by Nup2-MN. Figure S2 . Preparation of Genome-Wide ChIC and ChEC Probes A procedure was devised for preparation of gw-probes that faithfully amplify DNA fragments that abut MN-cuts ( Figure 6B ). The detailed amplification method is depicted.
Step 1, Blocking: MN cleaves the DNA backbone to give unusual breaks consisting of 3' phosphate ends and of 5' OH groups. In contrast, common 'nicks', which must randomly be distributed throughout the isolated DNA, consist of 3' OH and 5' phosphate groups. Such nicks were blocked from further ligation by the addition of a dideoxy-nucleotide (ddNTP) using Terminal Transferase (TdT).
Step 2, Phosphorylation: The 3' phosphate / 5' OH ends of MN-cuts were phosphorylated to 3' OH / 5' phosphate groups by Polynucleotide Kinase (PNK).
Step 3, Ligation: Biotinylated linker A is ligated to the phosphorylated MN-cuts and unbound linker is removed by precipitation by PVA (polyvinyl alcohol, see Materials and Methods)
Step 4, Digestion: DNA is digested with MboI.
Step 5, Beads: DNA fragments containing ligated linker A were captured by strepavidin-magnetic beads and unbound DNA removed by washing. The bead-bound fraction is expected to be enriched for MboI terminating DNA fragment abutting MN-cuts.
Step 6, Ligation of linker B: Ligation of linker B to the MboI sites of bead-bound DNA and removal of excess linker.
Step 7, PCR amplification: Amplification of bead-bound DNA by PCR using primers specific for the linkers A and B. This amplified DNA, adequately labeled, serves as the hybridization probe.
Improvements: Note that the resolution of gw-probes could be improved by trimming the flanking DNA of MN-cuts more closely (step 4). One option would be to include in the A linker a terminal recognition sequence for a class II restriction enzyme, such as EcoP15I (CAGCAGN 25 ). Cleavage of the bead-bound DNA with this enzyme (instead of MboI) would result in probes, where the flanking DNA is composed of 25 bp.
Figure S3. Control Experiments of the Gw Probes
Several experiments established that gw-probes are specifically enriched for the expected binding sequences.
(A) Enrichment of GAL promoter region: Unlabeled gw-probes from different ChEC experiments were size-separated by electrophoresis (broad smear of MboI sub-fragments) and Southern blotted with DNA probes encompassing expected binding sites. For this test, ChEC experiments were carried out with cells expressing H2b-MN (non-specific control), Gal4-MN (binds UASg) and Nup2-MN (exhibits galactose-dependent Nup-PI at GAL promoters) grown in glucose (Glu) and galactose (Gal). One expects that gw-probes prepared from these ChEC experiments should be enriched for the promoter region of the GAL1/10 and GAL7 genes, where Gal4-MN and Nup2-MN (galactose-dependent) interactions were observed (Figure 1B, Schmid et al., 2004) . The blots presented here convincingly confirm this prediction. The data show the robust, digestion-dependent enrichment of the Gal4-MN gw-probes for sequences encompassing GAL1/10 (pGAL1/10, probe depicted below) and GAL7 (pGAL7, probe depicted below) promoter sequences (panel A, compare 0' to 1' of digestion). Similarly, this same blot reveals the galactose-dependent, strong enrichment of these promoter regions in the Nup2-MN probes. Panel A also includes a blot of the same gw-probes with a fragment bearing the HXK1 promoter (pHXK1, probe depicted below). This blot confirms the galactose-dependent Nup2-MN interaction at HXK1 observed above ( Figure 5A ) and demonstrates that Gal4-MN does not associate with this promoter. Examination of data obtained with H2b-MN expressing cells show that the galactose gw-probes thereof are marginally enriched for these promoters. This is supposedly due to a somewhat increased chromatin accessibility upon gene activation.
(B) Mapping Gal4-MN with gw-probes: We demonstrated above that gw-probes are enriched for loci where MN-tagged proteins cleave. Next, in preparation for a microarray approach, gw-probes derived from Gal4-MN ChEC experiments were assessed by hybridization to conventional dot blots containing PCR-fragments covering the GAL locus. The map of the GAL locus is aligned to the dot blot such that each 500 bp PCR fragment spotted on the blot corresponds to its position in the genomic map (depicted by vertical bars). The top row of dots was hybridized as a control gw-probe prepared from undigested DNA (Gal4-MN, 0'). Preliminary experiments established that such control probes represent total DNA and arise by amplification of fragments terminating with a random DNA break that escaped the blocking step one (see Figure S2 ). The bottom row was hybridized with the digested gw-probe (Gal4-MN, 1'). As expected, this latter blot shows strong hybridization signals at spots encompassing UASg elements (bottom row). Note that since the amplification protocol ( Figure S2 ) includes digestion with MboI, the intensities of all UASg-containing dots up to the flanking MboI sites (boxed, informative MboI sites are indicated in the map of Figure S3 ) are enhanced. Included in this experiment are dots containing different amounts (10, 1 and 0.2 ng) of total genomic DNA as controls ("genomic"); they hybridize similarly well to the digested and undigested probes.
The observations suggest that gw-probes are suitable for hybridization of microarrays. Figure S4 . Galactose-Dependent Cleavage at HXK1 Figure 5A showed at the HXK1 promoter a major galactose-dependent Nup2-MN band. We demonstrate next that this interaction is convincingly detected by the microarray approach. Gw-probes were prepared from ChEC of Nup2-MN expressing cells (digestion 5 minutes at 30 °C) grown in glucose or galactose and hybridized to tiling microarrays bearing chromosome VI.
(A) The results are displayed at low resolution throughout chromosome VI. The vertical bars represent the linear ratio (not log2), therefore, value 2, 3, 4 indicate 2, 3, 4-fold enrichment of the hybridization signals obtained with the galactose relative to the glucose gw-probes. Relative genomic positions are indicated on top and the position of the centromere is indicated on the bottom. This plot identifies a single major peak of galactose-dependent interaction with Nup2-MN at the activated HXK1 gene (Panel A, arrow).
(B) The peak around HXK1 at higher magnification. This peak is wider (lower resolution) than that observed by conventional blotting ( Figure 5A ). As mentioned above, a lower resolution is expected with the gw-approach, since interaction sites of a MN-tagged proteins are at best defined by the flanking MboI sites. Experimentally, however, observed peaks are sometimes wider than theoretically expected by extending to more distal MboI sites. By way of example, Nup2-MN cleavage at the promoter of HXK1 is very sharp in the conventional blot ( Figure 5A ). But in the microarray experiment, this peak extends from the promoter through several MboI sites toward the 3' end. MboI sites are indicated by blue lines in the genomic map. This wider-than-expected spreading of the signal is supposedly arising from subsidiary (neighborhood) cleavage (Schmid et al., 2004) and from general background cleavage, which both contribute additively to the hybridization signal.
Notwithstanding these considerations of resolution, it is important to note that the edges of microarray peaks always map to MboI sites, where the signals drop off sharply (red arrows, see also Figure S5 -C). This drop-off is an expected notion of the amplification protocol ( Figure S2 The data shown here illustrate the effect of this correction procedure for the genomic region 50-100 kb (panel A) and 100-150 kb (panel B) of chromosome VI. The top rows show the uncorrected pattern of Nup2-MN in blue and that of H2b-MN in red. These blots represent the ratio of hybridization signals of digested over undigested probes. Visual inspection of the top rows shows that the H2b-MN pattern, which predominantly marks HS sites, is considerably richer in peaks than that of Nup2-MN. While the Nup2-MN pattern is strongly skewed toward promoter regions that of H2b-MN contains numerous additional peaks, which often map near the 3' end of genes. This observation illustrates again that the Nup2-MN pattern and that of HS sites (H2b-MN) are generally different.
The bottom rows show the corrected ratio plot of Nup2-MN as also presented in Figure 6 . A visual comparison thereof to the uncorrected data (top row) demonstrates that the two Nup2-MN data sets are not dramatically altered, although some sharpening and removal of some minor peaks can be noted. The relatively minor effect of this correction arises in part from the dominance of the Nup2-MN pattern (stronger peaks) and from the lack of resolution of the gw-approach. That is, while conventional blotting often resolves HS and Nup2-MN sites (Figure 5 ), the signals thereof are lumped together into a single broad peak in the gw-approach, which is generally only partly reshaped by the correction. Note, though, that an isolated HS peak 3' of ACT1, which was also observed by conventional blotting ( Figure  5C , open arrowhead), is eliminated as expected from the corrected Nup2-MN pattern (Panel A, open arrowhead) .
Notwithstanding the lack of resolution of the microarray data, the Nup2-MN to H2b-MN ratio plot assures globally that positive peaks are genomic regions where Nup2-MN occupancy dominates. Hence, the data convincingly established that Nup2-MN interacts in vivo with numerous promoterproximal regions.
(C) Figures 6, S5-A and B use probe set values (see above). Panel C shows the analysis of Nup2-MN data after correction for hypersensitivity at single feature analysis at moderate (top) and high (bottom) magnification. Very similar data are obtained as compared to probe set analysis used above. Positive peaks, as expected, are delimited precisely by MboI restriction sites (red arrowheads), which are indicated by blue vertical lines in the genomic map. Figures S6 presents the Nup2-MN interaction data for RPB1 and rpb1-1 mutant strains at 24 °C or 37 °C as indicated. The data are corrected for hypersensitivity as described in the Experimental Procedures. The genomic region 50-100 kb is shown. All three conditions give similar results and extend the observation made at the GAL locus establishing that active transcription is not implicated in the NPC connection of gene promoters. Please note that this experiment was carried out with a modified ChEC procedure. This procedure gives similar results as the standard in vivo ChEC procedure. By way of example, the peaks at ACT1 and FRS2/GAT1 (marked by closed arrowheads) identified with the standard in vivo ChEC procedure are also prominent in all three samples presented in this Figure Figures S7 presents the data obtained in a parallel ChEC experiment of Nup2-MN in a SUS1 wt (top) and sus1∆ (bottom) strain corrected with the H2b-MN pattern as described above. The genomic region 50-100 kb is shown. These two patterns are very similar and this notion extends to the entire chromosome VI (not shown). The data extend the observation made at the GAL locus establishing that SUS1 is not critical for Nup-PI. 
